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An Experimental Study on the Critical Velocity Considering the
Slope in Tunnel Fire

Y52 Y8E . AgA

Seung-Ryoul Kim - Yong-Jun Jang - Hong-Sun Ryou

Abstract An experimental study has been conducted to investigate the effect of tunnel slope on critical velocity by
using the model tunnel of the 1/20 reduced-scale applying the Froude scaling law. the square liquid pool burners were
used for methanol, acetone and n-heptane fires. tunnel. Tunnel slopes varied as five different degrees 0°, 2°, 4°, 6°
and &°. The mass loss rate and the temperatures are measured by a load cell and K-type thermocouples for tunnel
slope. Present study results in bigger the critical velocity than the research of Atikinson and Wu using the propane
burner. Therefore, when estimating the critical velocity in slope tunnel, the variations of the heat release rate is an
important factor. The reason is the ventilation velocity directly affects variation of heat release rate when slope tunnel
tire occurred.

Keywords : Tunnel Slope, Critical Velocity, Froude Scaling, Tunnel Fire
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Table 1. The heat release rate and ventilation velocity for model

scale
Fuel
ue Methanol Acetone n-heptane
. . |Slope; - - .
Fire Size angle Qs Vig @y Vir Qy Vi

0° | 1.11 | 051 | 313 | 073 | 9.16 | 0.95
2° | 110 | 058 | 325 | 080 | 917 | 1.03
6.5 4 | 138 | 061 | 330 | 088 | 922 | 1.07
cm 6° | 147 | 067 | 331 | 094 | 926 | 1.16
8 | 132 | 069 | 363 | 098 | 10.79 | 1.23
0° | 149 | 069 | 450 | 0.82 | 13.02 | 1.07
20 1 151 | 072 | 455 | 091 | 1455 | 1.16

z; 4 | 174 | 073 | 495 | 097 | 1413 | 123
6 | 183 | 079 | 507 | 101 | 13.94 | 130
8 | 185 | 084 | 521 | 106 | 1560 | 136
o | - - | sss o2 | - | -
R - leeo | 10s | - | -
105 T b0 2 | - |-
m
© | - - lsa e | - | -
g | - RN
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Table 2. The converted heat release rate and ventilation velocity

for full scale
Fuel Methanol Acetone n-heptane
. . |Slope} - : -]
Fire Size Qp Vi Qr Ve Qr Vi

angle

0° ] 199 | 23 5.60 33 | 1638 | 42
2° 0 197 | 26 5.81 36 (16401 46
6.5 4° | 2.46 2.7 590 | 39 | 16491 48
cm 6° | 2.63 3.0 592 42 | 1657 52
8° | 236 31 | 649 | 44 [ 1930 55
0° | 267 31 | 805 | 37 | 2329 48
2° | 270 32 814 | 41 |2603 | 52

8.5 4° 3.12 33 8.85 43 25.28 55
cm
6 | 328 | 35 | 907 | 45 | 2493 58
g | 330 | 38 | 9321 47 [2791] 6.1
0° - - 1052 41 | - -
2° - - 1197 a7 - -
105 e " - 1306 50 - .
cm
6° . - 1349 353 -] -
g | - - 14291 358 | - -
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Fig. 2. Variation of ventilation velocity and back-layering distance
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